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@ A desired frame image can be searched for and 
reproduced at high speeds. The same holds true for 
frame return reproduction. A data unit containing the 
video information compressed by encoding is stored 
in a data unit memory (406) and decoded at a 
decoding unit. When the target frame is decoded, 
the decode output is stored in an image memory 
(405) and supplied as a still reproduction image via a 
switch (403). The image memory (405) can also be 
used as a memory for storing the decode output of 
the frame located at the mid-point between the start 
frame of the data unit and the frame currently being 
reproduced. 
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This invention relates to a reproduction appara- 
tus capable of recording and reproducing a pro- 
gram, such as a movie, on a recording medium, 
such as an optical disk or a CD-ROM. and more 
particularly to a reproduction apparatus with a 
search function capable of searching for a desired 
frame at a high speed. 

Since such recording mediums as magnetic 
disks or optical disks provide high-speed data ac- 
cess, though they have a smaller memory capacity 
than magnetic tape, they facilitate the reading, the 
transferring, and the head-locating of a program of 
moving-picture data. Recent advances in high-effi- 
cient coding technology for image data have made 
it possible to store many programs, and recording 
and reproduction systems using such disks as re- 
cording mediums will find their way into a wider 
variety of applications. Such moving-picture com- 
pression recording techniques include a system 
prescribed by ISO-11172 (MPEG). 

Such reproduction systems are also required to 
provide still reproduction, frame supply reproduc- 
tion, and frame return reproduction. With the image 
data recorded by high-efficient coding techniques, 
when these functions are carried out. it is impos- 
sible to access and reproduce a desired frame 
directly. Because of this, it would take time to get 
the desired frame. 

Accordingly, the object of the present invention 
is to provide a reproduction apparatus with a 
search function capable of searching for a desired 
frame at a high speed. 

The foregoing object is accomplished by pro- 
viding a reproduction apparatus for. a disk in which 
a management area is formed In a portion thereof 
and a data area is formed in another portion there- 
of, programs being recorded in the data area, each 
of the programs being composed of a plurality of 
data units, each of the data units containing a 
specified number of frames of video information 
each compressed by frame correlation, and in- 
formation on the start addresses of the plurality of 
data units being stored in the management area, 
the reproduction apparatus comprising: pickup 
means for reading the information from the disk; 
demodulation means for demodulating the output 
signal of the pickup means; management informa- 
tion storage means for storing each piece of man- 
agement information in the management area out- 
putted from the demodulation means; a data unit 
memory for storing the data units outputted from 
the demodulation means; video decode means for 
decoding video information on the data units out- 
putted from the demodulation means; an Image 
memory for storing a frame (or a field) of image 
data outputted from the video decode means; 
means for, when a frame number is inputted for 
high-speed searching, determining by calculation 



which data unit on the disk the target frame cor- 
responding to the frame number belongs to. and 
reading the target data unit obtained from the cal- 
culation result from the disk according to the start 

5 address in the management information, and stor- 
ing the read target data unit in the data unit mem- 
ory; means for supplying the video information on 
the target data unit stored in the data unit memory 
to the video decode means, which then decodes it; 

10 and means for counting frame synchronizing 
pulses in the course of decoding the video informa- 
tion on the target data unit, and performing still 
reproduction by storing the decode output in the 
image memory, when the target frame is decoded. 

/5 The above means provide the high-speed 

search of a target frame and allow the data unit 
memory and the image memory to be used for 
high-speed frame return reproduction. 

This invention can be more fully understood 

20 from the following detailed description when taken 
in conjunction with the accompanying drawings, in 
which: 

FIG. 1 is a block diagram of a reproduction 
apparatus according to an embodiment of the 

25 present invention; 

FIG, 2A illustrates an information area on a disk 
associated with the present Invention, and FIG. 
2B is a diagram to help explain a data format of 
the data recorded on a disk of the invention; 

30 FIGS. 3A to 3C are diagrams to help explain a 
signal compression format In connection with 
the present invention: 

FIGS. 4A to 4C show management tables for 
explaining the types of data items in the data 
35 management area recorded on a disk according 
to the Invention; 

FIG. 5A illustrates a disk data layout and FIG. 
5B shows a management table on the disk; 
FIG. 6 is a block diagram of a searching section 

40 of the apparatus of the invention; 

FIG. 7 is a flowchart for the operation of the 
apparatus of the invention; 
FIG. 8 is a block diagram of the searching 
section and the frame return section of the ap- 

45 paratus of the present invention; 

FIG. 9 is a flowchart for the continuous search 
function of the apparatus of the invention; 
FIGS. 10A to IOC graphically show reproduction 
frames to explain the frame return operation in 

50 the apparatus of the present Invention; 

FIG. 11 A illustrates how the frame memories are 
used in the apparatus of the present invention, 
and FIG. 1 1B is a block diagram of the periph- 
eral circuitry of the frame memories provided for 

55 the apparatus of the invention; 

FIG. 12 graphically shows the search time effect 
in using a method of using the frame memories 
in the apparatus of the Invention; 
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FIG. 13A is a block diagram of the primary 
portion of another embodiment of the present 
invention, and FIG. 13B is its explanatory dia- 
gram; 

FIG. 14 is a flowchart of the operation of the 
circuit of FIG. 13A; 

FIG. 15 is a block diagram of another searching 
section of a terminal of the present invention; 
FIG. 16 is a block diagram of still another 
searching section of the terminal of the present 
invention; 

FIG. 17 is a flowchart of the operation of the 
terminal of FIG. 16; and 

FIG. 18 is a block diagram of the searching 
section of the terminal of the present invention. 
Hereinafter, embodiments of the present inven- 
tion will be described, referring to the accompany- 
ing drawings. 

In FIG. 1, a recording medium 100 such as an 
optical disk (hereinafter, referred to as a disk) of 
the present invention is Installed in a recording and 
reproduction apparatus (accessing apparatus). 

The disk 100 Is placed on a turntable 101, 
which is rotated by a motor 102. In the reproduce 
mode, the information recorded on the disk 100 is 
read by pickup means 103. A pickup driving sec- 
tion 1 04 provides movement and tracking control of 
the pickup means 103. The output of the pickup 
means 103 is supplied to a modulation and de- 
modulation section 201, which demodulates the 
supplied signal. The demodulated data is supplied 
to an error correction data processing section 202, 
which corrects errors and supplies the resulting 
signal to a data string processing section 203. The 
data string processing section 203 extracts video 
information, subtitle and character (or letter) in- 
formation, and audio information. On the disk 100, 
the subtitle and character information and audio 
information are recorded so as to correspond to the 
video information, as explained later. Here, various 
languages can be selected for the subtitle and 
character information and audio information. The 
selection is made under the control of a system 
control section 204. The user supplies the input 
from an operator section 205 to the system control 
section 204. 

Further, it is assumed that, for example. In- 
formation on a movie is recorded on the disk 100. 
In this case, a plurality of scenes that the user can 
select are recorded. To deal with these scenes, the 
data string processing section 203, the system 
control section 204, and the operator section 205 in 
the reproduction apparatus constitute data string 
control means and scene select means according 
to the operation of the user. 

The video Information separated at the data 
string processing section 203 is supplied to a video 
processing section 206, which carries out a decod- 



ing process according to the type of display unit. 
For example, the video information is converted 
into a suitable form for an NTSC. PAL, SECAM. or 
wide screen. The video signal decoded at the video 

5 processing section 206 is supplied to an adder 
208, which adds it to the subtitle and character 
information and supplies the addition result at an 
output terminal 209. The audio information sepa- 
rated at the data string processing section 203 is 

10 supplied to an audio processing section 211, which 
demodulates it and supplies the demodulated sig- 
nal at an output terminal 212. 

The audio processing section acting as a de- 
coding section, which contains an audio processing 

;5 section 213 in addition to the audio processing 
section 211. can also reproduce speech in another 
language and supply the reproduced signal at an 
output terminal 214 (this function will be explained 
later). 

20 The above apparatus can also record. In a 

record operation, a recording video signal is sup- 
plied to an input terminal 301 and a recording 
audio signal is supplied to an input terminal 302. In' 
this case, the video processing section 206 acts as 

25 a video encoder, and the audio processing section 
211 serves as an audio encoder. The data string 
processing section 203 functions as a recording 
information formatter, and the error correction data 
processing section 202 acts as an error code add- 

30 ing section. The data thus processed is modulated 
at the modulation section 201 of the modulation 
and demodulation section 201 and the modulated 
signal is supplied to the pickup section 103. 

As described above, the disk 100 used in this 

35 invention stores pieces of video information related 
to each other. With this disk, the reproduction 
apparatus can reproduce any one of the pieces of 
video information or change the reproducing state 
from one video to another, as specified by the 

40 user. 

In addition, on the disk, information on various 
languages, audio information including music in- 
formation and background sound information, and 
subtitle Information in various languages are re- 

45 corded according to the video Information. To de- 
termine which information should be reproduced, 
the audio data string processing section 203, sys- 
tem control section 204, and operator section 205 
constitute data string control means and scene 

50 select means. 
— ~ FIG. 2A shows the information area on the 
optical disk 100. The optical disk 100 has a man- 
agement area on the inner side and a data area 
outside the management area. In the management 

55 area, management data for managing the programs 
in the data area is recorded as explained later. In 
the data area, information including subcode In- 
formation, subpicture information, audio informa- 
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tion. and video information is recorded. 

First, what types of information are recorded in 
the data area will be explained, referring to FIG. 
2B. 

FIG. 2B is an enlarged view of the contents of 
data unit DUT #0 in the data area. In data unit DUT 
#0. there is a subcode (SUB-CODE) at the start, 
followed by a subpicture (SUB-PICTURE), audio 
information (AUDIO), and video information (VID- 
EO) in that order. The subcode (SUB-CODE) con- 
tains the attributes of data unit DUT #0. which 
contains an address (the zone number, the track 
number, the sector number, the unit number, etc.) 
and control information for the data unit. The sub- 
picture (SUB-PICTURE) contains subtitle informa- 
tion (for movie video) or character information (for 
kara-OK video and educational video), for example. 
The subtitle information and the character informa- 
tion are each given PICTURE #0 through #4, all of 
which or some of which differ from each other in 
language and the rest contain no signals. The 
audio (AUDIO) information is recorded as music 
information or in five different languages, for exam- 
ple, in five languages AUDIO #0 through #4 (each 
reproduction lasts approximately one second). 
Each piece of AUDIO information is recorded in 
frames, each frame, #0, #1. ... being composed of 
headers (HEADERS) and data (DATA). The video 
information (VIDEO) contains 30 frames of images 
(which will last approximately one second when 
reproduced), for example. The video (VIDEO) for- 
mation is recorded by high-efficient image encod- 
ing techniques. The number of frames is not limit- 
ed by standards. The audio information is also 
subjected to high-efficient encoding techniques. 

Explained next will be the recording format of 
video (VIDEO) information. 

First, a moving-picture compression format will 
be described. When image data is encoded, 
groups of pictures (GOPs) are formed into a pack- 
et, and the speech data (of approximately 1 .0 sec) 
equivalent to the packet, the subcode, and the 
subpicture are encoded. This encoded data is ad- 
ded to the compressed image data to form a data 
unit. Each GOP is fixed in the same program. An 
audio synchronizing time code is used as the sub- 
code at the beginning of the expansion data in the 
data unit. 

FIG. 3 graphically shows an example of the 
encoded data (FIG. 3A) and the output image (FIG. 
3B) decoded from this data. In the figure, I in- 
dicates the image data encoded in a frame. P the 
image data encoded by forward prediction, and B 
the image* data encoded by bidirectional prediction. 
In this mode, the image data is encoded repeatedly 
in this order: I, P, B, P, B. As a result, the length of 
the encoded data differs from frame to frame. With 
such a format, reproducing only I provides a sex- 
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tuple-speed image, and reproducing I and P gen- 
erates a double-speed image. The actual multiple 
speed is limited by the speed at which the data is 
read from the disk. This GOP structure is suitable 

5 for a high-speed transfer rate, a large recording 
capacity, and semi-random access. In this exam- 
ple, as shown in FIG. 3C, six frames are treated as 
a GOP. Then, five GOPs form a packet. This pack- 
et corresponds to one second of reproduction. The 

w actual length of recorded signals on the disk differs 
from packet to packet since the signals are en- 
coded by moving-picture compression techniques. 

Therefore, a packet consists of 30 frames (= 5 
GOPs X 6 frames/GOP). Each one second of 

75 speech data is recorded in 48K bytes (= 4 ch x 
12K bytes/s). When there are two channels used 
simultaneously, the minimum memory capacity 
needed may be 24K bytes. 

The primary data item and the information rate 

20 for each data unit to be recorded on the disk are as 
follows: 

Expansion data - 1 28K bits/s = 16K bytes/s 
Speech data = 384K bits/s = 48K bytes/s 
Image data = 4096K bits/s = 51 2K bytes/s 

25 The expansion data contains a subcode and 

subimage data. The subimage data can be used 
for subtitle information used in moving pictures. 
The subcode is individual management information 
in the data unit and also contains speech and 

30 image synchronizing information. The subimage 
data is updated on a GOP basis containing the 
corresponding main image. The synchronization of 
image and speech and the correction of synchro- 
nization are also carried out on a GOP basis. 

36 For subtitle information, more than one channel 

may be provided for the subimage data so that two 
types of subimages can be selectively outputted as 
the English scenario and the Japanese subtitles on 
a foreign film can be. When the allocated rate of 

40 the subimage data is 64K bits/s, if the recording 
time of one packet is 1 .0 second, the buffer mem- 
ory capacity for holding the subimage data is ap- 
proximately 64K bits. The buffer memory capacity 
needed for two channels of subimage may be 32K 

45 bits. 

When each of the image, speech, and expan- 
sion data is encoded, they are completed within 
the data unit and are totaHy independent from other 
data units. 

50 The management information recorded in the 

management area will be explained further. The 
management information is recorded in the form of 
a table. 

The management table, as shown in FIG, 2, 
55 contains a volume identity field (VID) around the 
innermost circumference, a program information 
field (PIF) outside the VID. and a data unit alloca- 
tion table (DAT) outside the PIF. 
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On the basis of the information in the manage- 
nnent area, reading is done for each data unit. 
Because in this system, processing is effected 
independently for each data unit, it is easy to edit 
and access each data unit. 

The relationship between the data area and the 
associated management information will be de- 
scribed. 

In the actual layout, a byte align process is 
performed for each GOP, and a sector align pro- 
cess is always carried out for each data unit to 
make it easy to segment the data unit. In a repro- 
duce operation, the image is decoded, beginning 
with the start frame of a GOP (I picture). The 
speech is decoded, beginning with the speech 
frame specified by the image synchronization. At 
the time when the decoding of both of the specified 
speech frame and the start frame of the image 
GOP has been completed, the image and the 
specified speech sample start to be outputted si- 
multaneously. 

For speech data, approximately 1.0 second of 
encoded speech data is inserted in the data unit. 
After a certain number of samples are grouped into 
a block with adjacent block edges tucked a little, 
the speech is encoded in units of this number of 
samples, and a header is added to the encoded 
speech to form an encoded speech frame. 

The length of speech frame is less than the 
length of 2048 samples of the original speech, and 
corresponds to 24 ms to 36 ms in terms of the 
duration of the original speech. The encoded data 
amount of the speech frame ranges from 288 bytes 
to 576 bytes. A frame ID is added to the header of 
each speech frame in each speech channel. The 
frame ID is made up of 24 bits. 4 bits of which 
represent a speech channel and 20 bits of which 
indicate a speech frame number. The approximate- 
ly 1 .0 second of encoded speech data is usually as 
long as several tens of speech frames, though the 
length varies with the number of samples in a block 
and the sampling frequency. The image-sound 
synchronization added to the subcode specifies the 
frame number of the encoded speech to which the 
decoded speech sample to be outputted with the 
timing of outputting the start frame of the cor- 
responding GOP belongs, and the speech sample 
number in the frame. The time code consists of 32 
bits, 20 bits of which represent a speech frame 
number and the remaining 12 bits of which specify 
a speech sample number. This enables the maxi- 
mum error in the speech-image synchronization in 
the entire system to coincide with half the sampling 
period of speech. When fs = 32 KHz. the maxi- 
mum speech synchronization error is approximate- 
ly 16 us. 

FIG. 4A shows the structure of the manage- 
ment table. The VID is written, starting at the first 



byte in the management table area, and indicates 
information on various elements throughout the 
disk by using 256 bytes. For example, this informa- 
tion includes information as to whether the disk is 
5 for general recording or for reproduction only. 

In the program information field (PIF), various 
pieces of information on each program are re- 
corded. For example, 16 bytes are used for each 
program. 

10 FIG. 4B shows an example of the contents of 

16 bytes in the PIF. 

ATMB indicates the absolute time of the start- 
ing point of the present program in the volume. In a 
time code search operation, each item of ATMB 

75 data is checked in the order of reproducing pro- 
grams to find the number of the program in which 
a desired time code is present. Each DAT (ex- 
plained later) in the corresponding program is 
checked. Then, the sum of the program time 

20 (PTMB, explained later) and the ATMB is com- 
pared with the desired time code value to find the 
DAT to which the corresponding time code be- 
longs. In this procedure, searching can be effected. 
By the method based on the absolute starting. time. 

25 the user can find the absolute starting time from 
the desired program number and therefore, can 
sense a specific item of PIF data by searching for 
the ATMB corresponding to the absolute starting 
time. 

30 PINF indicates program attributes. The pro- 

gram attributes, which are allocated to each pro- 
gram, include a copy disable flag (CPNH), a pro- 
gram type (PTYPE). a write attribute (PWRT), and 
the number of GOPs forming a data unit (SGDU). If 

35 the CPNH is set at 1 , it means copy disable and if 
it is set at 0. it means copy enable. The PTYPE, 
which consists of three bits, indicates such types 
as the home video, movie, music, kara-OK, com- 
puter graphics, interactive use, game, computer 

40 data, or program. When the PWRT has a value of 
1 , it means write enable. 

The PIF also includes the parameters as shown 
in FIG. 4B. in which AINF indicates the identifica- 
tion of a speech encoding system, VINF denotes 

45 the identification of an image encoding system, 
ATRT represents the picture attributes (i.e.. in- 
formation for identifying the aspect ratio and a 
system such as the PAL or the NTSC system), and 
HRES and VRES indicate the information on hori- 

50 zontal resolution and vertical resolution, respec- 
tively. 

PNTB indicates a start pointer that has a value 
indicating the DAT address (data unit number) at 
which the data unit at the program starting point is 
56 stored. An explanation of DAT will be given below. 
Once the DAT address (data unit number) has 
been determined, the position of the start sector of 
a program in the data area can be determined. 
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PGML indicates the program number to be 
processed immediately after the current program is 
finished, when related programs are present. 
Namely, the order in which programs are repro- 
duced does not necessarily coincide with the order 
of program numbers. When the current program is 
the last program, there is no link destination and all 
bits of the PGML have Is. 

FIG. 4C shows the structure of the DAT. In this 
table, there are such parameters as a zone number 
(NZON), a sector number (NSTC), and a track 
number (NTRC), a program time (PTMB), and a 
link pointer (PNTL). From the zone number, the 
track number, and the sector number, the record- 
ing sector at the start of the data unit can be 
determined. 

NZON is the zone number to which the record- 
ing sector at the start of the data unit belongs. The 
disk is divided into tracks radially from the inner- 
most circumference, a plurality of tracks being 
grouped into a unit, and the zone numbers are 
allocated to each unit. Specifically, as shown in 
FIG. 5A, the data area has a reference position R1 
on the disk and the number begins with 0 at this 
position, A zone consists of many tracks. NSTC 
indicates a sector number in the track. The sector 
number is not a serial number associated with 
another track or zone but a number complete only 
within the track. NTRC indicates a track number in 
the zone. PTMB is a flag representing the time 
position information on the image data (I picture) at 
the start of the data unit. The position information 
indicates a relative elapsed time (in seconds) from 
the program starting point. The time position in- 
formation is used in searching for time codes ex- 
plained earlier. Further, the time position informa- 
tion is taken in by the reproduction apparatus, 
which uses it as the start reference data in order to 
display the program time, absolute time, remaining 
time, etc. 

PNTL is a flag showing a subsequent data unit 
immediately following the present DAT unit number 
in time. The unit corresponds to the data unit 
number. When there is no link destination at the 
program end. all bits are set at 1 (= Ox FFFF). 
The effective value for the link pointer ranges from 
0x0000 to Ox FFFF. 

FIG. 5A graphically shows the management 
area and data area. The blocks in the data area 
each indicate programs. 

FIG. 58 shows an example of the DAT. The 
DAT unit numbers are continuous in this order: 0 to 
Nmax. By referring to the PNTB in the PIF. the first 
DAT unit number is determined. If the DAT unit 
number is 1. then the next link pointer will be 0. 
The link pointer of DAT unit number 0 is Nmax - 1. 
The link pointer of DAT unit number Nmax - 1 is 2. 
By checking for the zone number, the sector num- 



ber, and the track number according to the change 
of the DAT unit number, it is possible to obtain 
information on the reproduction order such as track 
4 in sector 3 in zone 1 . track 7 in sector 2 in zone 

5 0, and track 10 in sector 30 in zone 3. 

As has been described above, in this system, 
the video information is encoded for compression 
and is recorded (see FIG. 3). In this example, as 
shown in FIG. 3C, six frames are treated as a GOP 

10 and five GOPs form a packet (in a data unit). To 
decode the video information in a data unit in the 
video processing section 206, it is necessary to 
perform a decoding process in a specified proce- 
dure. 

75 The reproduction apparatus is required to per- 

form still reproduction of a single image frame, 
frame supply or frame return, for example. To meet 
these demands, this system, when performing 
these functions, searches for and reproduce frames 

20 at high speeds and enables fast frame supply 
reproduction. 

FIG. 6 shows sections related to the present 
invention. The video information in a data unit in 
the program selected at the data string processing 

25 section 203 is supplied to the video processing 
section 206. This video information is supplied via 
a switch 401 to a decoding unit 402, which de- 
codes it. The decoded output image signal is sup- 
plied via a switch 403 to an output terminal 404. In 

30 a normal reproduction, the above-mentioned signal 
processing system is formed. 

Here, for example, it is assumed that an image 
search operation is performed. FIG. 7 shows the 
flow of searching for images. For example, the 

35 number of absolute frames is specified as the 
frame number to be searched for from the operator 
section 205. The number of absolute frames en- 
tered from the operator section 205 is read by the 
system control section 204. The control section 

40 204 calculates the position of the data unit to which 
the frame belongs from the number of absolute 
frames specified. For example, this calculation is 
done as follows. As noted earlier, if the number of 
frames in a data unit is 30 and the total number of 

45 data units is, for example, 7200, the total number of 
frames in this system will be 216000 frames. This 
value is already known. 

If the number of frames specified is 100000. 
the data unit to which the number of absolute 

50 frames specified 100000 belongs will have a value 
of 100000/30 = 3333.33. As a result, the specified 
absolute frame (the first one in this case) belongs 
to the absolute 3334th data unit. 

Then, the data unit number and the number 

55 information on the target frame are stored. Which 
GOP the specified absolute frame belongs to may 
be determined and stored. In this example, it be- 
longs to the first GOP. The system control section 
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204 recognizes the start address of the corre- 
sponding data unit by referring to the managennent 
table. In the managennent table, the start address 
of the data unit is stored as explained in FIG. 5. 
The system control section 204, after recognizing 
the start address of the data unit, determines the 
direction in which the start address is located (the 
inward direction or the outward direction of the 
disk) from the start address of the data unit now 
being reproduced. Then, it moves the pickup 103 
toward the start address to be searched for. At this 
time, the image frame supplied from the decoding 
unit 402 is written in the image memory 405, from 
which the stored frame is read as a still image. At 
this time, the switch 403 is controlled so as to 
select and supply the output of the image memory 
405 to the output terminal 404. 

Because during a search operation, the data 
string processing section 202 supplies the video 
information (the data unit and its start address) to 
the system control section 204, it is possible to 
sense whether or not the data unit to be searched 
for has been entered. If the data unit to be 
searched for has been entered, the data unit is 
written in the data unit memory 406. The switch 
401 is controlled so that the data unit written in the 
data unit memory 406 may be decoded at the 
decoding unit 402. The decoding unit 402 then 
starts decoding the target data unit. At the same 
time, the system control section 204 senses which 
frame is being decoded at the decoding unit 402 
by counting the frame synchronization. When the 
target frame has been decoded (In this example, 
the first frame in the absolute 3334th data unit = 
100000). the system control section 204 writes this 
frame image in the image frame memory 405. 
When a frame has been written, the image memory 
405 is frozen. This allows a still image of the 
specified frame to appear on the monitor. FIG. 7 is 
a flowchart for the operations at steps Si to SIO. 

This system is also provided with a function 
enabling high-speed frame supply and return re- 
production. 

For example, there may be a case where the 
user wants to look at the preceding and the follow- 
ing image after the target frame has been searched 
for as described above. In this case, if a data unit 
is decoded and reproduced, starting from the be- 
ginning to the end In sequence, it will take one 
second before the last frame is decoded (see FIG. 
3). Since in image compression techniques, com- 
pression is performed on the basis of the correla- 
tion between the preceding and the following 
frame, the compressed frames must be decoded in 
a specified sequence. If it takes an average of 30 
ms to reproduce a frame, it will take 30 x 20 ms to 
reproduce the 20th frame. To overcome this 
drawback, in this system, the decode output of the 



frame located at the mid-point between the frame 
now undergoing still reproduction and the start 
frame is stored in the frame memory. 

FIG. 8 is a block diagram of a frame supply 
5 and return reproduction portion of the signal pro- 
cessing section. The same parts as those in FIG. 6 
are indicated by the same reference symbols. In 
this signal processing section, the image memory 
405 of FIG. 6 is represented as frame memories 

10 405a and 405b in FIG. 8. The frame memory 405a 
stores image data for still reproduction as de- 
scribed earlier. The frame memory 405b stores the 
image data on the frame located at the mid-posi- 
tion between the frame now undergoing still re- 

75 production and the start frame of the data unit to 
which the frame now in still reproduction belongs. 

For example, if the target frame searched for at 
a high speed is the 20th frame in a data unit, the 
image data on the 20th frame will be stored in the 

20 frame memory 405a and undergo still reproduction, 
whereas the frame memory 405 stores, for exam- 
ple, the image data on the 10th frame. When the 
10th frame is reached in the course of searching 
for the 20th frame, its image data is decoded and 

25 stored in the frame memory 405b. 

While the reproduced image of the 20th frame 
is being displayed on the screen, if the user wants 
to see the preceding frame, he carries out a frame 
return operation via the operator section 205. Then, 

30 the compressed data necessary for reproduction of 
the 1 1th frame is supplied from the data unit mem- 
ory 406 to the decoding unit 402. The image data 
on the 10th frame is also supplied from the frame 
memory 405b to the decoding unit 402, As a result 

35" of this, the decoding unit 402 need not to encode 
the data unit from the beginning, but only has to 
encode from the 11th frame and, at the time when 
the 19th frame has been decoded, write this frame 
in the frame memory 405a. This allows the still 

40 image of the 19th frame (moved backward) to be 
obtained in a short time. In the case of frame 
supply, decoding may be effected from the 11th 
frame upward in sequence. The image data on the 
20th frame stored in the frame memory 405a may 

45 be fed back to the decoding unit 402, which then 
decodes the next frame. Although only one frame 
memory 405b is used, more frame memories may 
be used so as to hold, for example, an I picture in 
sequence for each data unit of FIG. 3, and use 

50 these pictures for decoding. 

In the above embodiment, the user enters the 
target frame number form the operator section and 
searches for the corresponding frame on the basis 
of the entered target frame number. When the user 

65 does not know the target frame, however, he can 
enter a search check signal near an interesting 
image while performing high speed reproduction, 
and later on, take his time in searching for that 
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portion. Namely, with this system, a search check 
signal can be entered in the high-speed reproduc- 
tion mode. FIG. 9 is a flowchart for explaining the 
function. 

When the reproduction apparatus is in the 
high-speed search mode (step S21) (for example, 
at this step, only the I and P frames in FIG, 3 are 
reproduced sequentially), the user can enter a 
search check signal from the operator section. For 
example, this signal is read by the system control 
section 204 when a check button is pressed. At this 
time, the system control section 204 carries out 
reproduction, while recognizing the address and 
frame number of the data unit now being repro- 
duced. At the time when the search check signal 
has been entered (step S22), the address and 
frame number of the data unit currently being re- 
produced are paired and the pair is stored in the 
search information memory (step S23). In this way, 
more than one check point can be stored in the 
search information memory. 

Next, when the reproduction apparatus is set in 
the search mode, the address and frame number of 
the data unit in the search information memory are 
read and the corresponding frame starts to be 
searched for. The searching operation is such as 
described above. After the target frame has been 
sensed, the stiu reproduction of the frame is effec- 
ted. In this state, when a subsequent search in- 
struction is entered, the address and frame number 
of the next data unit are read from the search 
information memory and the corresponding frame 
starts to be searched for. 

The frame return reproduction explained in 
FIG. 8 will be described further. 

In FIG. 8, there are provided frame memories 
405a and 405b. One memory stores the image 
data on the frame currently being displayed, 
whereas the other memory stores the image data 
on the past frame in order to shorten the time 
required to decode data for frame return reproduc- 
tion. There are various methods of selectively stor- 
ing the past frame: for example, a method of se- 
lecting and storing the preceding frame with re- 
spect to the frame now being displayed, a method 
of selecting and storing a frame a fixed number of 
frames away from the frame now being displayed, 
and a method of previously selecting a frame to be 
stored. 

FIG. 10 graphically shows examples of the 
relationship between the order of frames to be 
reproduced and outputted. the frame currently be- 
ing displayed, and the frame to be stored. 

FIG. 10A shows an example in which the framd 
now being displayed is the second frame and the 
frame stored in the frame memory is the first frame 
immediately before the second one. FIG. 10B 
shows an example in which the frame now being 



displayed is the fifth frame and the frame stored in 
the frame memory is the third frame three frames 
ahead of the fifth one. FIG. IOC shows an example 
in which the frame now being displayed is the 12th 
5 frame and the frame stored in the frame memory 
for preparation is the sixth frame. 

To always hold the image data on the frame 
now being displayed, the start frame, and the mid- 
point frame as shown in FIG. 10B. the frame 

70 memories 405a and 405b are used with the frame 
timing as shown in FIG. 11 A. Dl to D12 indicate 
image data items for display, and Ml to M6 repre- 
sent image data items for still pictures. For in- 
stance, when frame 3 is displayed, image data D3 

15 is read from memory 405b and image data Ml on 
frame 1 is retained in frame memory 405a. When 
frame 6 is displayed, image data D6 is read from 
memory 405a and image data M3 on frame 3 is 
retained in frame memory 405b. When frame 12 is 

20 displayed, image data D12 is read from memory 
405b and image data M6 on frame 6 is retained in 
frame memory 405a. 

FIG. 11 B is a block diagram of a switching 
circuit for switching between the two frame memo- 
es ries 405a and 405b. When the memory is used as 
a frame memory for display, the decode output of 
the decoding unit 402 is supplied via a switch 410 
and the output is read via a display switch 411. In a 
frame return reproduction, the output of the frame 

30 memory for still pictures is fet back via a feedback 

switch 412 to the decoding unit 402 

An example of computing the time required for 
frame return reproduction will be given. 

For example, in the display state of FIG. IOC, 

35 ' the display memory stores the image data on the 
12th frame, and the still-image memory stores the 
image data on the 6th frame. It is assumed that the 
average decoding time per frame is toe- If the 11th 
frame is reproduced by frame return, the average 

40 decoding time will be 5 t<je because the data on the 
sixth frame and later can be used in sequence. 
When the fourth frame is reproduced by frame 
return, the decoding average time will be 4 t^e if 
the decoding starts at the first frame. If there is no 

45 image data on the sixth frame and the 11th frame 
is to be reproduced, decoding must be started at 
the first frame, which requires 1 1 t<je. 

When frame return reproductions are carried 
out consecutively, for example, when the reproduc- 

50 tion of the llth frame, that of the 10th frame 

that of the seventh frame are effected one after 
another, calculating the time required for those 
reproductions gives the results as shown in FIG. 
12. When there is no image data on the sixth frame 

55 as shown in FIG. IOC, 46 Ue is required as shown 
in calculation example (A) in FIG. 12. With the 
method of storing the image data on the frame 
immediately before the frame now being displayed, 
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35 tde is needed for the same reproductions as 
shown in the calculation example (B) in FiG. 12. 
With the method of storing the image data on the 
mid-point frame, only 10 t^e is required as shown in 
calculation example (C). 

In the above explanation, a data unit is stored 
in the data unit memory 406 of FIG. 8, and frame 
return reproduction is effected within a single GOP 
in the data unit. However, there may be a case 
where frame return or supply reproduction is not 
necessarily completed within a single data unit, but 
can extend over GOPs or data units. 

To deal with such a case, the data covering 
two data units may be stored previously in the data 
unit memory 406. 

FIG. 13A is a block diagram of the data unit 
memory 406, which contains, for example, storage 
sections 406a. 406b, and 406c for holding three 
groups of pictures (GOPs). A GOP is stored in 
each GOP storage section via a switch 406d. Three 
GOPs are always held in the memory 406. Reading 
is done via a switch 406e. In a normal operation, 
the units immediately in time before and after the 
data unit to be reproduced are always pooled. The 
GOP read for display is the central GOP. It is 
assumed that in a state shown by broken lines in 
FIG. 13B, GOP1, G0P2, and GOPS are stored in 
the storage sections 406c, 406a, and 406b. respec- 
tively. In this state, a GOP to be decoded and 
reproduced is G0P2. After the reproduction of 
G0P2 is finished, the reproduction of G0P3 starts. 
At this time, GOP4, the next one, is read from the 
disk and stored in the storage section 406c. In this 
way, what is to be reproduced and written is up- 
dated one after another. 

In the frame return or supply reproduction 
mode, operation proceeds as follows. It is assumed 
that data is stored as shown by broken lines. It is 
also assumed that frame return reproduction of 
G0P2 is achieved as explained above. When the 
frame return has reached the start frame of GOP2, 
GOPO, one before the preceding GOP. is written in 
the storage section 406b, and the frame return of 
G0P1 is performed continuously. Conversely, it is 
assumed that frame supply is performed. At this 
time, when the end frame of G0P2 is reached in 
the frame supply, the frame supply of G0P3 is 
then performed, and G0P4, the following one, is 
written in the storage section 406c. 

FIG. 14 is a flowchart for the above operation. 
The frame return routine comprises steps S31 to 
S35. The frame supply routine comprises steps 
S31 to S39. 

As has been explained above, with this iriven- 
tion, it is possible to search for and reproduce a 
desired frame image at high speeds. These fea- 
tures hold true for frame return reproduction. 



FIG. 15 is a block diagram of still another 
embodiment of the present invention. 

An optical disk and pickup means are provided 
in a center 501. The data units read from the 

5 optical disk are received by an optical transmis- 
sion/reception unit 601 in a terminal 600 via an 
optical transmitting unit and an optical transmission 
line. The optical transmission/reception unit 601 
contains a photoelectric converter. The transmitted 

10 data units are directed to an output terminal 602, 
from which they are supplied to a data unit mem- 
ory 603 and to one terminal of a switch 604. The 
fact that the data units have arrived is sensed by a 
terminal control section 605. The output of the 

75 switch 604 is inputted to a decoding unit 402. The 
remaining configuration is the same as that ex- 
plained in FIGS. 6 and 8. 

It is possible to operate an operator section 
606 in the terminal 600 to specify a desired disk 

20 number and program. Disk and program specifying 
information is generated at the terminal control 
section 605, and is converted into an optical signal 
at the optical transmission/reception unit 601 , which 
then transmits the optical signal to the center 501. 

25 On the basis of the disk and program specifying 
information, the center 501 reproduces information 
from the specified disk, and transmits the repro- 
duced information (including the management in- 
formation and the image and sound information) via 

30 a bidirectional optical transmission line. 

The center 501. which contains a video server, 
can transmit the programs requested by each ter- 
minal to the respective terminals via separate chan- 
nels. 

35 FIG. 16 is a block diagram of still another 

embodiment of the present invention. 

While FIG. 13 shows an internal configuration 
of the reproduction apparatus, FIG. 16 shows the 
configuration of a terminal according to this em- 

40 bodiment. Data units are taken in via a modula- 
tion/demodulation section (MODEM unit) 701. Spe- 
cifically, an optical disk and pickup means are 
provided in a center 501 . The data units read from 
the optical disk are transmitted via a bidirectional 

45 transmission line. The modulation/demodulation 
section 701 supplies the transmitted data units to a 
data unit memory 406 and a switch 401 . The data 
unit memory 406 contains storage sections 406a. 
406b, 406c that can store three group of pictures 

50 (GOPs). for example. One GOP is stored in one 
GOP storage section via a switch 406d. Three 
GOPs always exist inside the memory 406. Read- 
ing is done via a switch 406e. During a normal 
operation, the units before and after the data unit to 

65 be reproduced are always pooled. The GOP to be 
read for display is the central GOP. The subse- 
quent operations are as explained in FIGS. 13 and 
14. This terminal is also provided with an operator 
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section 606 and a terminal control section 605. In 
the system, the center 501, which contains a video 
server, can transmit the programs requested by 
each terminal to the respective terminal via sepa- 
rate channels. The terminal control section 605 5 
always keeps track of the storage section in a 
reading state and the frame number being de- 
coded. For example, when the storage section in a 
reading state is changed from section 406a to 
406b, the terminal control section 605 will request io 
data units from the center 501. 

As described above, searching through frame 
supply and frame return can be effected even if a 
recording medium is remotely located. 

FIG. 17 is a flowchart provided for the terminal rs 
control section 605 in the terminal of FIG. 16. The 
operation according to this flowchart starts when 
the frame supply reproduction or frame return re- 
production mode is specified. In the initial state, 
data is requested from the center 501 (steps S51, 20 
S52). The center 501 transmits GOPs of data, one 
by one. The terminal checks to see if GOPs of data 
have been received one by one (S53, S54). When 
one GOP of data has been received, the value n of 
a counter acting as a GOP monitor is counted up, 25 
and the received GOPs are stored in the memory 
406 (S55 to S57). Additionally, it is judged whether 
or not three GOPs have been stored. 

Then, it is judged whether or not a frame return 
command has been entered from the operator sec- 30 
Won 606 (step S58). If a frame return command is 
present, it is judged whether or not the current 
output frame is what has been obtained by decod- 
ing the data of GOP(n-l). In a normal reproduce 
operation, GOPs are reproduced in this order: 35 
GOP(n + 1), GOP(n). GOP(n-l). When the current 
frame is what has been decoded from data of 
GOP(n-l). and frame return is effected. GOP(n-2) is 
needed. Then, n in the GOP monitor is changed to 
n-1. and G0P(n-1) is requested from the center 4o 
(steps S60. S61). From this time on, the processing 
at step S62 is carried out. then control goes to step 
S56. 

FIG. 18 shows an embodiment constructed by 
further adding a data unit memory, a frame mem- 45 
ory, etc. to the embodiment of FIG. 15. 

The data units received by an optical transmis- 
sion/reception unit 601 can be loaded into any of 
data unit memories 603a to 603c under the control 
of a terminal control section 605. A switch 604 50 
selects any one of the output data units from the 
optical transmission/reception unit 601 and those 
from the data unit memories 603a to 603c, and the 
selected one is supplied to a decoding unit 402. 
The decoded frame data Is supplied to the frame 55 
memories a1 to a3, and b1 to b3. A switch 403 
selects any one of the outputs of the frame memo- 
ries a1 to a3, and supplies the selected one. A 



switch 607 selects any one of the frame memories 
bl to b3. and feeds the selected one back to the 
decoding unit 402 as decoding data. 

With the terminal thus constructed, the exis- 
tence of many memories is helpful in searching for 
images in a frame supply or frame return operation. 
It is also possible to take in image data through a 
plurality of channels from the center, edit it at the 
terminal side, and obtain the edited image data. 

Claims 

1. In a reproduction apparatus for a disk in which 
a management area is formed in a portion 
thereof and a data area is formed in another 
portion thereof, programs being recorded in 
said data area, each of said programs being 
composed of a plurality of data units, each of 
said data units containing a specified number 
of frames of video information each com- 
pressed by frame correlation, and information 
on the start addresses of said plurality of data 
units being stored in said management area, a 
reproduction apparatus with a search function, 
comprising: 

pickup means (103) for reading the in- 
formation from said disk: 

demodulation means (201) for demodulat- 
ing the output signal of said pickup means; 

management information storage means 
(204) for storing each piece of management 
information in said management area outputted 
from said demodulation means; 

a data unit memory (406) for storing said 
data units outputted from said demodulation 
means; 

video decode means (402) for decoding 
video information oh said data units outputted 
from said demodulation means; 

an image memory (405) for storing a 
frame (or a field) of image data outputted from 
said video decode means; 

means (104. S1-S6) for, when a frame 
number is inputted for high-speed searching, 
determining by calculation which data unit on 
said disk the target frame corresponding to 
said frame number belongs to. and reading the 
target data unit obtained from the calculation 
result from said disk according to the start 
address in said management information, and 
storing the read target data unit in said data 
unit memory; 

means (204, S7) for supplying the video 
information on said target data unit stored in 
said data unit memory to said video decode 
means, which then decodes it; and 

means (204, S8-S10) for counting frame 
synchronizing pulses in the course of decoding 
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the video information on said target data unit, 
and performing still reproduction by storing the 
decode output in said image memory, when 
said target frame is decoded. 

2. A reproduction apparatus with a search func- 
tion according to claim 1 , characterized by 
further comprising: 

means (405) for, when a frame number is 
inputted for said high-speed searching, caus- 
ing said image memory to retain the decode 
output of the present frame outputted from 
said video decode means until said target 
frame has been decoded. 

3. A reproduction apparatus with a search func- 
tion according to claim 1 , characterized in that 
said means for supplying video information on 
said target data unit stored in said data unit 
memory to said video decode means, which 
then decodes it, contains means (405a. 405b) 
for storing in a frame memory the decode data 
output of the frame almost at the mid-point 
between the start frame of said target data unit 
and said target frame. 

4. A reproduction apparatus with a search func- 
tion according to claim 3, characterized by 
further comprising means (412, 402) for, when 
a frame return signal is inputted, supplying the 
decode data stored in said frame memory to 
said video decode means to cause the video 
decode means to decode frames, starting at 
the frame next to said target frame on the 
basis of the decode data and the compressed 
data read from said data unit memory. 

5. A reproduction apparatus with a search func- 
tion according to claim 1. characterized in that 
said data unit memory (406) contains areas 
(460a-406c) for storing not only the data unit 
being reproduced but also the data units be- 
fore and after the currently reproduced data 
unit. 

6. In a reproduction apparatus for a recording 
medium in which a management area is 
formed in a portion thereof and a data area is 
formed in another portion thereof, programs 
being recorded in said data area, each of said 
programs being composed of a plurality of 
data units, each of said data units containing a 
specified number of frames of video informa- 
tion, each compressed by frame correlation, 
and information on the start addresses of said 
plurality of data units being stored in said 
management area, a reproduction apparatus 
with a search function, comprising: 



pickup means (103) for reading the in- 
formation from said recording medium; 

demodulation means (201) for demodulat- 
ing the output signal of said pickup means; 
5 management information storage means 

(204) for storing each piece of management 
information in said management area outputted 
from said demodulation means; 

a data unit memory (406) for storing said 
10 data units outputted from said demodulation 

means; 

video decode means (402) for decoding 
video information on said data units outputted 
from said demodulation means; 
75 an image memory (405) for storing a 

frame (or a field) of image data outputted from 
said video decode means; 

means (204, S1-S6) for, when a frame 
number is inputted for high-speed searching. 
20 determining by calculation which data unit on 

said recording medium the target frame cor- 
responding to said frame number belongs to^ 
and reading the target data unit obtained from 
the calculation result from said recording me- 
25 dium according to the start address in said 

management information, and storing the read 
target data unit in said data unit memory; 

means (204, S7) for supplying the video 
information on said target data unit stored in 
30 said data unit memory to said video decode 

means, which then decodes it; and 

means (204, S8-S10) for counting frame 
synchronizing pulses in the course of decoding 
the video information on said target data unit, 
35 and performing still reproduction by storing the 

decode output in said image memory, when 
said target frame is decoded. 

7. A reproduction apparatus with a search func- 
40 tion according to claim 6. characterized in that 

said recording medium is either a semiconduc- 
tor memory or magnetic tape. 

8. in a terminal which receives data from a re- 
45 production apparatus for a recording medium 

in which a management area is formed in a 
portion thereof and a data area is formed in 
another portion thereof, programs being re- 
corded in said data area, each of said pro- 

50 grams being composed of a plurality of data 

units, each of said data units containing a 
specified number of frames of video informa- 
tion, each compressed by frame correlation, 
and information on the start addresses of said 

55 plurality of data units being stored in said 

management area, a reproduction apparatus 
with a search function, comprising: 

management information storage means 
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(601. 605) for storing each piece of manage- 
ment information in said management area 
transmitted from said reproduction apparatus; 

a data unit memory (603) for storing said 
data units transmitted from said reproduction 5 
apparatus; 

video decode means (402) for decoding 
video information on said data units; 

an image memory (405) for storing a 
frame (or a field) of image data outputted from w 
said video decode means; 

means (601. 605. S1-S6) for. when a frame 
number is inputted for high-speed searching, 
determining by calculation which data unit on 
said recording medium the target frame cor- is 
responding to said frame number belongs to, 
and requesting the target data unit obtained 
from the calculation result from said reproduc- 
tion apparatus according to the start address in 
said management information; 20 

means (605. S7) for supplying the video 
information on said target data unit stored in 
said data unit memory to said video decode 
means, which then decodes it; and 

means (605, S8-S10) for counting frame 25 
synchronizing pulses in the course of decoding 
the video information on said target data unit, 
and performing still reproduction by gtoring the 
decode output in said image memory, when 
said target frame is decoded. 30 

9. A reproduction apparatus with a search func- 
tion according to claim 8, characterized by 
further comprising: 

means (405) for. when a frame number is 35 
inputted for said high-speed searching, caus- 
ing said image memory to retain the decode 
output of the present frame outputted from 
said video decode means until said target 
frame has been decoded. 40 

10. A reproduction apparatus with a search func- 
tion according to claim 8, characterized in that 
said means for supplying video information on 
said target data unit stored in said data unit 45 
memory to said video decode means, which 
then decodes it, contains means (405a, 405b) 

for storing in a frame memory the decode data 
output of the frame almost at the mid-point 
between the start frame of said target data unit 50 
and said target frame. 
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